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ESEARCH CONTEXT - AICHA



INDIA & WATER

Agriculture 2> 92% of the current water consumption

The “Pump revolution”:

started three decades ago

about 260km3 are pumped annually for groundwater irrigation
25 millions borewells

The first groundwater consumer in the world .
The place where groundwater decline is the fastest.




INDIA & WATER
Indians are rioting over water. Is this a glimpse into the
future?

By Annie Gowen t A

“Protests’over watel g
in India

Most Read

1 Philippines' Duterte discovered this
week that his actions have
consequences

2 Whatda North Koreans think about
Kim Jong Un? This survey tries to
find out.

3 Why Christianity’s holiest shrine i
guarded by two Muslim families

P Play Video 0:49 },

4 Amelia Earhart didn’t die in & plane

crash, investigators say. This is their
The Indian city of Bengaluru, in Kamataka state, is under curfew after violent protests broke out in the area over the sharing of river water with theory.
neighboring Tamil Nadu state. (Reuters)

5 The military trial that’s tearing lsrael

Authorities imposed a curfew Tuesday in India's tech hub of Bangalore to quell violence that erupted over a apart

water-sharing agreement from a local river.
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IRD=F

Institut de recherche
pour le développement

RESEARCH CONTEXT - AICHA

Adaptation of Irrigated Agriculture to Climate Change (AICHA 2013-2017)

Goal:

develop an integrated model (in agronomy, hydrogeology and economics)

simulate interactions between agriculture, hydrology and economics

* evaluate scenarios of the evolution of climate, agricultural systems and water
management policies.

Supported by:

* Indo-French Centre for the Promotion of Advanced Research (CEFIPRA)

* INRA flagship program on Adaptation to Climate Change of Agriculture and Forest
(ACCAF)

Researchers:

* Indian Institute of Sciences (l1Sc)

* Indo-French Cell on Water Science (IFCWS)

* Ashoka Trust for Research in Ecology and the Environment (ATREE)

* French National Center of Scientific Research (CNRS) (UMR COSTEL)

* French National Institute for Agricultural Research (INRA) (UMR SAS, UMR LERNA,
UMR AGIR, UMR EMMAH, UR RECORD).




RESEARCH CONTEXT - OVERVIEW

Agriculture is facing many challenges:

* demand for increasing productivity (quantity, accessibility and availability)

» pressure from public regulations (agricultural, environmental (aquatic
environments, air, soil) and health policies)

* Management of scarce resources (water resources, phosphorus and fossil
energy)

* Response to climate change (warmer temperatures, changes of rainfall
patterns, increased frequency of extreme weather)

* High price volatility in agricultural markets

* High energy costs
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RESEARCH CONTEXT - BERAMBADI

* Moderate east-west rainfall gradient (W-E: 900 - 700 mm/y)

e 3 agricultural seasons
1. kharif (June to September) South-West monsoon season
2. rabi (October to January), winter season
3.  Summer (February to May), the hot and dry season

76°35'0"E 76°40'0"E 76°45'0"E

012 4 &8 8
R — —

12°0'0"N
12°0'0"N

11°55'0"N

11°55'0"N

e Hard-rock aquifer => borewell failures

11°50'0"N
11°50'0"N

* Green Revolution

- z » intensification of agricultural production
3 § » massive use of fertilizers and pesticides
i i > intensive drilling
§ g » development of submersible pumps
5__ 76°35'0"E 76°40'0"E 76°45'0"E :,:
Legend GW (m) 2
i Nmo 3 2 | Consequences:

115 0] 3640 B 61-65

€0 A5 g e » Unusual groundwater level gradient

\ » depletion of the soil (loss of nutrients)
Berambadi watershed > borrow money heavily

(84 km? - ORE BVET) » desperate situations and even suicide
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AICHA: an integrated model

In this context, the relative issues of water management are treated:
* following a systemic approach

* from a holistic point of view

e using a pluri-disciplinarity approach

Conception and development of the integrated model

Yield

Clirnate Ecanomlcs
Land Use o
1 Agricullural practices 1

o
b

= 4= | Model
. MoGIRE
‘~-.___._ ____;.-'
Percolation Groundwater] |niaractions
dept and feedbacl

model

AMBHAS

Pumping
H recyeling




Overview on some ongoing modelling works applied
to BERAMBADI watershed

* Plot approach
* Long term simulations of the interactions between agriculture

and groundwater resources (Master Maud BONZzI, Dr Muddu Sekhar, Dr
Laurent Ruiz)

 Modelling the impact of irrigated agriculture on groundwater

resource and quality in semi-arid tropical catchment ( PhD
Buvaneshwari S., Riotte J, Ruiz L., M.S. Mohan Kumar, Sekhar M.)

e Farm approach
* NAMASTE: A dynamic integrated model for simulating farm

practices under groundwater scarcity in semi-arid region of India
(PhD M.Robert, A.Thomas, J-E.Bergez)

* Territory approach
* Berambadi scenarios (group Big Survey)
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Plot approach

s Long term simulations of the interactions between
agriculture and groundwater resources

* Modelling the impact of irrigated agriculture on
groundwater resource and quality in semi-arid
tropical catchment
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Objectives

To study the interactions of agriculture

. . v \ v - - s ol X \
(i.e crop rotations and management) \‘:\;‘“ “‘{\f?\‘?\‘e % ‘\“\:\‘\‘1‘“\‘*&;}33‘@ \‘:\f\“ \';\:\%te“‘&
N [ \ \
and groundwater. QY[ \-i 4 4 J )
To study the impact of lateral
groundwater flow on nitrogen ivean
concentrations nappe
phréatique

Application to some specific locations . | ,

. Janvier Janvier
(monitored plots and borewells): €——— Année >|€ Année >

validation of the model
impact of climate change
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Model used: a part of AICHA integrated model

Pum ping (whenirrigation scheduled)
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a part of AICHA

Model used

Sub-surface flow
Groundwater flow
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GWL simulations

- EXAMPLE OF RESULTS
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NAMASTE: A DYNAMIC INTEGRATED MODEL
FOR SIMULATING FARM PRACTICES UNDER
GROUNDWATER SCARCITY IN SEMI-ARID
REGION OF INDIA

Marion ROBERT *
ﬁ L, Alban THOMAS _::: I N?A
»: Jacques-Eric BERGEZ ===
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THESIS OBJECTIVES

I.  Represent farmers’ decision-making and adaptation processes
* What are the processes engaged in farmers’ decision-making?
* How can we integrate adaptive behaviors in farmers’ decision-making processes?

* How can we represent interactions between different dimensions of decision of
decision-making processes?

Il. Conceive a flexible and resilient agricultural production system
* How can we design agricultural production system from field observations?
* Which representation should be used in conceptual modeling of farming system?
* How should be implemented the conceptual representation of farming system for

computerized simulation?

lll. Consider a context of water scarcity and climate change
* How can we account for the effect of groundwater level on farming practices and

simulate the retro-action of farming practices and in particular irrigation, on the

variability of the aquifer?
* Which scenarios should be tested for water management policies?




I. Represent farmers’ decision-making and
adaptation processes
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ADAPTIVE PROCESSES IN DECISION MODELS

Goal: modeling farming systems to simulate opportunities for adaptation
=> include adaptation to decision model

Conclusion: combining several formalisms within an integrated model in which
strategic and tactical adaptations and decisions influence each other is a good
starting point for modeling adaptive behavior within farmers’ decision-making
processes

"= SCIENCE & IMPACT



The 3D model: three levels of decision

Decision stages:
(Le Gal et al. 2011; Risbey et al. 1999)

1) STRATEGIC decision stage: yearly / farm / LT effect

Decision: investment in irrigation system
Adaptation: yearly reviews investment in irrigation equipment and integrates learning from past year

2) TACTIC decision stage : seasonally / farm / MT effect

Decision: select crops and allocation
Adaptation: update cropping system

3) OPERATIONAL decision stage : daily / plot / ST effect

Decision: crop operations
Adaptation: new plan if can’t sow or bad germination

y SCIENCE & IMPACT



Strategic decision formalism

o Investment in irrigation equipment (dig borewell) (I;)

o Beginning of a year

o Farm

o Stochastic dynamic programming (Bertsekas, 2011 ; Miranda & Fackler, 2004)

Expectations for the coming 10 years:
Rainfall: expected rainfall (poor, below average, average, above average, good)

GW: expected water table level (depends on rainfall and pumping) (W;)
Price: expected crop prices (depends on rainfall)

Objective function:

max Y¢-1(1 + 1)~ {max [Zg=1 Zg=1 giSl Opcr T[bcr] - It}
Ut} {8pcr}

(r: discount rate)

Solving methods: Bellman equation :

V(W) = mI?X{ﬂ; (e, We) + B EgV(Wiyq)}, VE,

(V(W;):value function, B: discount factor, i (I, W;): current year’s profit function)




Tactic decision formalism

o Crop selection

o Beginning of a season

o Farm

o IF-THEN-ELSE decision rules (Donatelli et al. 2006, Bergez et al. 2006)

m IF (W; < 0.8*IR*TURwat) {

Static water level Depthﬁo water TURa,reat = Wt / TURWGt}
IF <indicator> <operator> <threshold> THEN dcm / ELSE {
Purnping level TURaT'eat = 08*1Rt}
<action1> ELSE <action2> S

IF (MARcontract > SUNprice) {
RFcrop, = MAR; }
ELSE {
RFcrop; = SUN,}

Indicator: state of the system (physiological state, air

temperature, leaf area index)
Threshold: e.g., minimum temperature, soil moisture
threshold to trigger irrigation

IF (forecast Rpqs0n > average) {
Rainfed;=BEANS }
ELSE {
Rainfed,=MAI}

REACTIVITY to borewell yield change, uncertain rainfall, market prices fluctuation, stocks, contract opportunitie, etc.

Action: true/false output leading to an action (e.g., start

irrigation, start sowing)




Operational decision formalism

Daily
Plot
Graph of activity

O O O O

Activity : technical operation done on the field
State : phase of the activity (wait, started, done, failed)
Temporal constraints : time slot to start an activity

Pre-conditions : conjunction of rules, valid if at least one rules is
valid

Rules : conjunction of predicates, valid if all predicates are valid

Predicates : boolean system conditions needed to trigger an
operation

Precedence constraint : link an activity to another

Output function : parameters for effects of an activity on the
biophysical system

SCIENCE & IMPACT

Technical operation Adaption to faillire

4 Operational Decision : Graph of activities ™\

. J/

Activity = sowing
State = wait
Earliest beginning date = April 8th
Latest beginning date = June 20th
Optimal rule:

Soil moisture HUR/HUCC > 0,6

Soil temperature 7.S > 6°C
Rainfall ¥1° PP(day — j) = 40 mm

Relaxed rule:
Relaxed date = June 1st
Rainfall ¥1° PP(day — j) = 10 mm

Precedence constraint = FS (Ploughing)

Output function:
Sowing density: density = 16 grains/m?
Sowing depth: depth = 6 cm




Operational decision formalism

Add adaption to the standard crop operation scheme
ploughing — sowing — fertilization and irrigation — harvest

Activity = germination check

State = wait Operational Decision : Graph of activities h
Earliest beginning date = April 18th ._{ J_ -[Gmmaﬁm_cm]_ .[ ]
Latest beginning date = June 30th < F
Optimal rule:

Minimal crop stage = sowing date + 10

Germination rate > 60%

Relaxed rule:

Relaxed date = June 1st

Rainfall ¥1° PP(day — j) = 10 mm \
Precedence constraint = FS
(Sowing)

Output function:
Failure: fail all activities, load new graph
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Il. Conceive a flexible and resilient agricultural
production system
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METHODOLOGY

The method steps The method The reasons
CASES
i [ Decision-making problem P Specify the type of the decision- i
i STEP 1 definition making Pmbtl}g:n |
i Problem definition - — i
! Analytical frameworkc PN gﬁ%?gﬂie Pﬂmé ﬁpra;rtl:le;rvnmé{ to the i
i definition !
i STEP 2 [ Populationselection H Set the validity domain of the model ‘ i
i Case selection Nown-probability sampling - Focus on relevant cases ‘ i
i - Shorthist data collection methods and | |
i Data collectionmethods < tools cofechon me & !
i Enowledoe representation < Eli ﬁ{ ;{dgélﬁ&grepresmt the |
l STEP 3 ) identification :
| . CT4 : e — -
i Data collection & Enowledge elicitation < Identify decision chronology, crifical | |
i individual analysis method incident and rules !
! . : Obtain an nitial transcription and !
| Daf_a am_:{}ms and < check veracity wﬂ%a i
' verification !
| | UML i Transcription — cmﬁsumhosdﬁo individual formal i
i [ Cross-case analysis < Compare groups and identify patterns ‘ i
i STEP 4 i
i Conceptual model Complementary expert Formalize and add complex concepts i
T chap | nowledge — !
| pmg i
i UL | Format conceptual model Generalize case findings = i
: |: Ontological analysis < Formalize concepts and relationships :

CONCEPTUAL
MODEL
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FROM FIELD TO THE CONCEPTUAL MODEL

DATA 680 farmer 52 experimental plots Seed 'Et_a“e“f‘d 27 farmer Meteorological station Indian Ministry of
2.2.Step1 surveys Panchayat interviews interviews Water gauges Agriculture and
Farm characteristics B e Ff:‘.;lpel’:tmﬂ :
Social factors 2 g Practices National Informatics
Ec onom;{: factors Crop production and Maflagemem practices Desisions ) Center
Agronomic factors management Viiflage organization Adaptations Meteorological data Price data
METHODS Statistical analysis CMFDM methodology = 2 5tens
'y
f 1
RESULTS Typology Production system External system
o Production system *
framework -
7 o 1
Sub-systems Decision «————— Operating <«———» Biophysical
L ]
BDI framework |2 2 <i.,2 f€SOUrce manager
] . 1
P e o L e e e R s %
| Knowledge Objectives Decisions E
Structural L |
Procedural f 1
3 technical decisions Observable Investment Crop choice Crop operations |
1
o | g 4 g |
' :
Iforiasis i Stochastic dynamic IF-THEN-ELSE ~ Graphof 1
bk programming  decisionrules activities !
3.2.1 |
|
3 temporal decisions Strategic Tactic Operational |
e 4 1 bcccccccccccccccccccccccccccccal rrcccccc e c e e e = =
A r 1 r 1
MODELS DECISION CROP  HYDROLOGY CLIMATE MARKET VILLAGE POWER SUPPLY
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FARMING SYSTEM FORMALISM

Farming system & conceptual representation:

BIOPHYSICAL SUB-SYSTEM

|
I FARMING SYSTEM l
e |
| EXTERNAL SYSTEM | : !
| |
|
|
: CLIMATE ! : !
| : |
I e formaton ) DECISION SUB-SYSTEM l
l : : l
| : : |
|
| | |
| : : A |
| | Events I I
! MARKET : > ; :
| i
| :
| : : .- :
| | | OPERATING SUB-SYSTEM :
|
| Matter/energy I
I :“' -===>l A : |
l ' ! !
I : I v \'4
| RESOURCES | | :
| |
l : : |




WEATHER

MARKET

VILLAGE

Farm system

Beliefs

STRUCTURAL
PROCEDURAL
OBSERVABLE

: AGENT SUB-SYSTEM

Intentions

STRATEGIC
TACTIC
OPERATIONAL

OPERATING SUB-SYSTEM

BIOPHYSICAL SUB-SYSTEM

St

STICS

FARM SYSTEM |




Farm system
At the beginning of the year...

FARM SYSTEM
- AGENT SUB-SYSTEM
Beliefs Intentions
Farm characteristics
Know-hows

STRUCTURAL Observations STRATEGIC ) Investment

PROCEDURAL — TACTIC

OBSERVABLE ) OPERATIONAL

A
Update K
observables
Rainfall OPERATING SUB-SYSTEM
EXTERNAL SYSTEM )
Prices
W level BIOPHYSICAL SUB-SYSTEM

WEATHER
MARKET

St

AMBHAS STICS
VILLAGE




Farm system
At the beginning of the season...

FARM SYSTEM
- AGENT SUB-SYSTEM
Beliefs ) Intentions
Farm characteristics
Know-hows

STRUCTURAL Observations STRATEGIC ) Investment
PROCEDURAL [ TACTIC 5

OBSERVABLE ) OPERATIONAL o

Update ‘
observables

Rainfall

OPERATING SUB-SYSTEM

EXTERNAL SYSTEM | £ "

WEATHER

GW level BIOPHYSICAL SUB-SYSTEM

St

AMBHAS STICS
VILLAGE

MARKET




Farm system

Daily

FARM SYSTEM

- AGENT SUB-SYSTEM
Beliefs ) Intentions
Farm characteristics
Know-hows
STRUCTURAL Observations STRATEGIC ) Investment
/." PROCEDURAL TACTIC .
own labor - OBSERVABLE J= "~ = """ OPERATIONAL Fos
equipment | AN -] . ~..
\ g (, . . ) ~ Operation
. Update \ ™. Op_;;r&tion .
N - observables * series )
...............-...-........._.:-:-:-:--."-":': < ...............
T = OPERATING SUB-SYSTEM |~
..................................................... v = .. \"
EXTERNAL SYSTEM ] . O g \  Operation
) Rt - / “ action
- swiever |11 1 BIOPHYSICAL SUB-SYSTEM :
WEATHER . e \.
/‘ Labor ) roP changes - .
. : . soil =5 |
/ equipment ./ STJLS A
MARKET Y o i 7
.’/ AM BHAS Pumped water S TI CS <
VILLAGE / Percolation
Recharge
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lll.Consider a context of water scarcity and
climate change
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BERAMBADI - 1% results

STRATEGIC decisions TACTIC decisions OPERATIONAL decisions

Long-term expectation on rainfalls:
7,3% poor rainfalls Y

Crop choice adaptation at the tactic level: 25w overoge ranfls 4

46% average rainfolls Raad !

22% above average rainfolls #bbd)

2,4% good rainfalls TNy
H o8
Investment 1

BestCs:17 [ ©iri Max n: 13741Rs]

e.g' 4th year (beIOW average rainfall) Max m: 12950 Rs Expected H: 64,1 ,63,3 m: 12449 Rs
Beginning of the season — observations: (o
* rainfed crops particularly affected e CETaLR .

* groundwater level higher than expected C -
(12.4 m more of water in the borewell)

0irri

sose

Max m: 20540 Rs cs: 0iri

T 66,0 Max 1t: - 5620 Rs

: Expected H: 66,6
e o S

Max m: 8500 Rs

=> switch from rainfed marigold to irrigated i

17 irri
Max n: 8500 Rs
Expected H: 71,6

i - t P :
sunflower Investments |22 o

Best C3:1 15 irri Max rt: 13620 Rs cs: 1 15 irri
Max ri: 12830 le Expected H: 76‘,1 H =‘[5,7 Max 1t 13230‘Rs
(xpected H: 89 m.b.g.l. Expected H:75,7

e

+ 0 puit

Investment 6 Crop Choice 6 Technical operations
14 irri Max m: 19975 Rs 12 irri
Max r: 12710 Els Expected H: 80,0 H 513.7 Max 154501!25
Expected H: 94 m.b.g.l. Expected H: 78,7
i ) I
Investment 7 +Opuit Crop Choice 7
_ 13 imi Max 1 13230 Rs cs: 15 irri
Max r: 12420 Bs Expected H: 78,7 _ 8249 Max r: 13230 Rs
Expected H: 99: bagl H= Expected H: Si,g
| j
1 |
| |

Investment 8 1 = Technical operations

Max : 13230 Rs s o1 14 irri

Max t: 12400 Rs Expected H: 87,0 867 Max i 10/0 s
Expected H: 104 m.b.g.l. Expected H: 86,7

C

. 3 = | 7 " "
Crop Choice 9 Tech l operations
Best CS: | -------- Qirri Max m: -590 Rs [«] : O irri
Max 1t: - 2077 Rs Expected H: 88,4 _g6L Max 1t: - 7970 Rs

Expected H: lqﬁ m.b.g.l. Expected H: $E,1

Technical operations

*»

Crop Choice 10

BestCS: | Oirri Max ;4342 Rs cs: 1| I 15im
Max 1t: - 2067 Rs Expected H: 90,5 Max 1: 4342 Rs
I m Expected H: 101 m.b.g.l. | Expected H: 90,5

SCIENCE & IMPACT
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D) /J/J » / J 7 :F . on o J -

BERAIVIBAD 1> resuits
STRATEGIC decisions TACTIC decisions OPERATIONAL decisions
Long-term expectation on rainfalls: ; |

Crop choice adaptation at the operational level: it g 8
22% above average rainfolls bbb
2,4% good rainfalls  sbbe)

. _Invastment 1 + 1 puit _Crup Choice 1 _Techmcalnperatluns
e.g. 3" year (above average rainfall). ‘

BestCs:17 [ ©iri Max n: 13741Rs]
Max : 12950 Rs Expected H: 64,1 W= 63,8
0o ‘

Tactic plan: 0.9 ha turmeric / 0.1 ha marigold (o
sowing conditions (rules): o
e soil moisture € [60-75 %] of field capacity ( ’

Technical operations

CS: 15 0irri

+ 0 puit

Crop Choice 3

: 20540 Rs cs: e

* expected total rainfall at day of sowing and e
day after < 5mm

Expected H: 84 m.b.g.l.

! Expected H: 71,6
voe '
+ 0 puit
Investment 5 P i

. . Crop Choice 5 Cs:l 16 i Technica c;aerations
—> Five days (6%, 7t, 8th, 9t and 11t of April) e ———

Max r: 13620 Rs cs: 1 15 i
Max 1u: 12830 Ré Expected H: 76‘,1 H =‘[5,7 Max 1: 13230Rs

favorable in terms of soil moisture el ik | i
Investment 6 Crop Choice 6 Technical operations

=> None for the rainfall condition e o -

Max r: 12710 E}S Expected H: 80,0 _13.7 Max 15450iRs

C Expected H: 94 m.b.g.l.
|
|

e

+ 0 puit

Expected H: 78,7
i
'

+0puit

Investment 7 Crop Choice 7

ical operations
Best CS:A[] 13 irri Max n: 13230 Rs cs: 1 15 irmi

= review his cropping plan : switch to maize crop

Expected H: 99:.b.g.|. Expected H: Si,g
| j
1 |

Investment 8 Crop Choice 8 Technical operations

Best C5:1[] 13 irri Max : 13230 Rs €s: 1 14 irri
Max t: 12400 Rs Expected H: 87,0 2867 Max i 10/0 s

Expected H: 104 m.b.g.l. Expected H: 86,7

C

oul 3 = | 7 " "
Crop Choice 9 Tech l operations
Best CS: | | Qirri Max 1t: - 590 Rs CS: ; Qirri
Max 1: - 2077 Rs Expected H: 88,4 _g6L Max 1t: - 7970 Rs

Expected H: ICiS m.b.g.l. Expected H: $E,1

£

Crop Choice 10 Technical operations
BestCS: | Qimi Max 1t: 4342 Rs cs: 1 0] 15imi
Max 1t: - 2067 Rs Expected H: 90,5 Max 1: 4342 Rs
Expected H: 101 m.b.g.l. ! Expected H: 90,5
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BERAMBADI - 1% results

STRATEGIC decisions TACTIC decisions OPERATIONAL decisions

. . = . Lung-ter;;;;z?:;::;;}:;srainfalls: . i i
Technical practice adaptation at the operational 225 o vroe ot | |
22% above average rainfalls $bd)
I eve I : 2,4% goo::‘ rainfalls  sbbéb) - 3 3

Efim'ﬁsgenib I‘”"‘ Eiiic“;fﬁféij L8 :Slsz:f:g e
e.g. 61" year (above average rainfall). ¢ | o s

Important rainfall events from sowing to harvest o CETaLR = o

CE)tpected H: 72 inb.g.l. H: 67,7
0 irri Max n: 20540 Rs [«

. . . 71y ,6 1 -
Irrigation rule: il

Expected H: 66,6

1 'y |
cs=1 (17 i

* total rainfall over the past three days < 50 mm [ mesemes |2 —]  cropce et o
* expected total rainfall at day of sowing and =t
day after < 5mm

Technical operations

0iri

Expected H: 84 m.b.g.l. ! Expected H: 71,6
H ey | |

+ 0 puit
Investment 5 2

Best C3:1 15 irri

Max r: 13620 Rs

Max ri: 12830 le Expected H: 76,1
xpected H: 89 t.b.g.l. i
( i e i
. . . Investment 6 +0p) Crop Choice 6
=> decrease number of irrigations for the o g BT
Expected H: 7“:1 7

C Expected H: Sdi m.b.g.l
|

*s0
+0puit CsleISimi -
Investment 7 Crop Ch Technical operations

Best CS: _ 13 imi Max 1 13230 Rs cs: 15 irri
Max 1t 20 Bs Expected H: 78,7 5249 Max r: 13230 Rs
Expected H: 99: bagl Expected H: Si,g

j

|

turmeric

Investment 8

Best CSi1[] Max : 13230 Rs :
Max t: 12400 Rs Expected H: 87,0 867 Max i 10/0 s
Expected H: 104 m.b.g.l. Expected H: 86,7

. —
C 3 = | 7 irri N )
Crop Choice 9 Tech l operations
Best CS: | -------- Qirri Max m: -590 Rs [«] : Qirri
Max 1t: - 2077 Rs Expected H: 88,4 _g6L Max 1t: - 7970 Rs

Expected H: lqﬁ m.b.g.l. Expected H: $E,1

Technical operations

*»

BestCS: | Oirri Max ;4342 Rs o5 1 15 imi
Max 1: - 2067 Rs Expected H: 90,5 Max ri: 4342 Rs
I m Expected H: 101 mbg.. : Expected H: $0,5
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CLIMATE CHANGE SCENARIO

Goal: test how CC impacts farmers decisions on investment in irrigation and on
cropping system choices

SCENARIO 1: INCREASE CHANCE OF DRIER YEARS

= Increase probability of drier occurrences (low & below average) by 30% in 30
years

(+ 5% each 5 years)

SCENARIO 2: DECREASE RAINFALL AMOUNT
— decrease annual rainfall by 1,85%"in Chamaraja nagar district in 30 years

(- 0,062% each year)

—= SCIENCE & IMPACT



WATER POLICY SCENARIOS

Market change scenarios

Goal: test how economic change on crop prices and crop production costs encourage
farmers to adapt their strategies toward less water consuming cropping systems

—> Subsidies on rainfed crops

—> Taxes on turmeric

Water management policies scenarios

Goal: test how water management policies encourage less water consuming cropping
systems

= Electricity fee

= Hours of electricity available

—> Taxes on groundwater variation

Farm location and interaction with other farmers
Goal: test how other farming conditions impact on farmers decisions and integrate
relationship between farmers’ practices on sharing resources (labor, equipment, water)

y SCIENCE & IMPACT



DISCUSSION

Development process of the model

Operational
Validation

Computerized
Model

Problem Entity
(System) "
“
Coneeptual
Muodel
Validation
N
Amnalysis \
\
Modeling

Computer Programmin

and Implementation

Computerized -

- Model -

Verification

(Sargent, 2013)

Field prototype

Computer model allowing scenarios testing
on CC, public policies, resource restrictions
ID adaptive strategies of farmers
Qualitative calibration

!

Computer experimentation

l

Operational validation

!

Production model




CONCLUSION

NAMASTE:

« Simulation of decision making processes of farmers
O different time scales (strategic, tactic, operational)
O different space scales (from the farm to the plot)

* Simulation of interactions between farmers for shared resources (water, labor,
equipment)

 Emphasizing feedback between farming practices and changes in the water table

O impact of pumping on the groundwater level
O practices adjustments while facing a decline in water availability

Contact: marion.robert@toulouse.inra.fr
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Yield

Land Use

4= Model |
' MoGIRE

Groundwater) |ntaractions

Pumping Groundwater, opth and feedbacks
M recycling model
AMBHAS

Berambadi: 84 km?2 0.00020

0.00015

0.00010

STICS - Plot
AMBHAS = Grid 100m*100m (150 x 250)
Farm model = group of plots

0.00005

0.00000

—0.00005

33 ~0.00010
Timestep 9 dally to year ~0.00015
Duration - one year to several years -0.00020

—0.00025




To take into account:

* Upscaling the model (example: 8000 STICS in the same simulator)
e High perfomance computation
e Simplification of the model

e Scarcity of data
e Satellite data
* Extrapolation of data using geostatistical approach

* Vizualization of results
» Spatial Data Infrastructure = example Georchestra

= SCIENCE & IMPACT



http://geowww.agrocampus-ouest.fr/portails/?portail=aicha

CHA : Adaptation
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Training session



"AICHA GOODIES™ USED FOR TRAINING SESSION
Crop map generator

Choose grid file Mapg Watershed limits Zones limits Crop Allocation

9x10 -
1 Use zones limits 9.0
@-Add grid 5 1
g Add IDs
. 9o 1(51)
=~ Generate crop allocation -
Nombre d'identifiants unigques
8_3
3
B_4
% de type 1 -
&85 9_5
% de type 2
9.6 - 0(39)
3
a7
% de type 3
L 10 D8 18 28 38 48 5B B8 T8 BE 08
sum : 100

thanks to Iswar Patil and the survey conductors for their help with the survey.
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Crop map generator

Choose grid file Maps Watershed limits Zones limits Crop Allocation

9 x10 v crops R 9x10.qrd.

— Use zones limits 09" oy 6
.Add grid s .
.Add 1Ds 5 13)
2 Generate crop allocation 82 92
Nombre d'identifiants uniques
q 8.3 9.3 e
6
4
% de type 1 a4 9_ 3(20)
20 85 95
218)
% de type 2 a6 oe
15 1110}
07 LT R CEF &7 | 87 | &7 | TR 63 8T
% de type 3
40 08 18 28 38 48 58 68 78 88 94 0139)
% de type 4
»
% de type 5
5
% detype 6
15
sum% : 100

|NR/AN
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S |0 Tl el o B 1l B W I...Iul.l eI ALan I[I-.'.Il.l
Stics -

Choose grid file

Cropallocatar -
Simulation duration:
100
&
=]
GroundWater model E
parameters edibor =
[=1]
Plot parameters editor N -
Variable to plot
( GroundwWater level =
RsurRU ' ' ) i '
@ o 20 40 1] BO 100
i airg(n)
codebbch
~ drain

|'T'| |Eiﬂﬂ}
i masecin}
select Y variable(s):

i RsurRU_3_5 (type:1) ~f
{ RsurRU_3_6 (type:5)
I RsurRU 4 1 (type:2)
HRsurfkU_4_2 (type:s)
I RsurRU_4_3 (type:1)
HRsurkl 4 4 (type:6)
JRsurRL 4 5 (type:2) L]
HRsurRU 4 6 (type:1) -
HFsurRU 4 7 (type:3) :
i RsurRU_5_0 (type:2) o
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_ _ Simulation results data
o Run simulation R

Flot imap) UGG Table Showwvpz  Awvailable Crops info

Choose scenario Crop allocation map

Positive Pulse -

Choose grid file

9x10 -

B20

Simulation duration:
20

G165

Ambhas GroundWater model

vals
610

parameters editor

Plot parameters editor §
Variable to plot

GroundwWater level =
, net_recharge e ' ' i '
= 5 10 15 20

Select Y variable(s):

H_0_0 (type:
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SCIENCE & IMPACT II Eoomadciences | '-;.,,-

Ecole-chercheurs

A Pinitiative du Approches interdisciplinaires de la modelisation des

réseau des agroecosystemes
utilisateurs de

la plateforme e Systéme complexe, Modéle, Code
RECORD
Du 7 au 10 mars 2017 a Sainte Foy Lés Lyon

Contexte et enjeux Objectifs de I'école Public

Face aux enjewx 2ciuels en lizn Les enjeux de cette éoole-chercheurs Appréhender la démarche Tout scientifique intéressé par la

notamment aves le changement sont : systémigue pour une construction modélisation systémigue, du disciplinaire

climstique et I'évolution des systémes de - Permetire sux chercheurs de interdisciplinaire ce II'H:IdF|E5 au plurdisciplinaire W

production, étude des agro-2oosystsmes developper lzurs mmpelennﬁ Mettre &n asuvre la madelisation

nécessite de plus en plus un travail sur lanalyse E!,l‘StEI'ﬂIqIJEE‘t la systémigue sur un exemple fil rouge.

pluridisziplingire. Le recours 2 lanalyse modélizztion de systémes 11 ="zgira d'un modele d= gestion

systémique, Iz modglisation &t complexes © ) territoriale de lesu aves des enjeuy Erérequis

re:mer'i'rmntaliun wirtuelle infermatique est - Elangir [3 communsuté Record agricoles, socigtaux et - Pas de pré-requis, mais vous sersz

Lﬂneldeman:he qsi pem d‘anal].rsed 'hr'lza' a.cmele p-:l:l.!r avmawerd_lf.yr lies- i Eqvimnnenmmux. amend(s) 3 discuter de codes, de

&valuer un grand no & possibilites questions d'analyse, d'évaluation Développer des bonnes pratigues de - E——

dans une grande diversie de situations. et de conception d"agnn- nmdéliggiaun {code, éqalﬂﬂ,,,) statistiques et de mathematiques., W
ECOSYSIEMES, Connaftre les principales platsformes

Llnra = initié Iz développement de de madélisation ef les situer les unss

plateformeas de modelizstion 2t de L'école-chercheur vise & donner un par rapport aux autres

simulation pour zider les scientifiques panorama de |a chaine : systeme Découvrir et 2inttier 2 la platsforme

dans c2 travail comprehensif et prospectif. complexe — modéle — implémentation B=rord ®

Flus spécifiguement sur M'étude des en code informatigue. La plateforms

agroscosystémes, |z plateforme RECORD RECORD sara le principal outil

3 et developpée. mokbilizg dans le courant de cete

chaine. m

Cependant ces plateformes semiblent
encore actuellement maconnues bisn
qu'elles constituent un formidalble outil de
partage et de travail plurdisciplingire.
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